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[57] ABSTRACT 

Direct field sound, represented by the sum of left and 
right sterieo input signals, is projected in a narrow dis- 
persion pattern from a front radiating speaker 28,32 and 
reverberant field sounds, represented by difference be- 
tween left and right stereo input signals, is projected 
from speakers 26,30 having a wide dispersion pattern. 
Direct field and reverberant field sounds are acousti- 
cally combined in space to create an improved repre- 
sentation of stereo sound. 

40 Claims, 5 Drawing Sheets 
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Accordingly, it is an object of the present invention 

EXTENDED IMAGING SPLIT MODE to provide a loudspeaker system that avoids or mini- 

LOUDSPEAKER SYSTEM mizes problems of prior systems and produces a spatial 

acoustical field which is more realistically representa- 

BACKGROUND OF THE INVENTION 3 tive of the live performance, and. moreover, is flexible 

1. Field of the Invention ^ application to different environments. 
The present invention relates to stereophonic speaker SUMMARY OF THE INVENTION 

systems^ and more particularly concerns an improved , * • • i r*t, • 

combination of speaker characteristics vnth speaker ^" out prmaples of thepresent mvention m 

^umuiurtuuu ui apcoiww v«tuttv,Lciiu»uv» wiiu &pc«ir«=x accordancc with a preferred cmbodmient thereof, di- 

dnvrng component signals to provide miproved stereo- ^^^^^^ ^ ^^^^^^ ^ ^^^^^ ^^^^^ 

^ ^pi>«!ot^ -Art speaker system and reverberant field sounds are pro- 

2. Description of Related Art jected from a speaker system having a wider dispersion 
In reproduction of stereophomc sound deemed ^ According to a specific feature of the inven- 

signals generally representing left and nght channel gon, a front radiating speTer system having a narrow 
siereo "^Pj^^sojuis are combmed or processed and fed ^^^^m is energized from a signal represent- 
to left and nght channel sp^er systems or to vanous ^^^^ ^^^^ ^^^^^^ ^ ^. ^ ^ 
combmations of speaker systems with the goal of re- ^ of companion speaker systems, having ^^de disper- 
producmg for the l^tener a sound that most r^istically ^^^^^ ^^^ ^^^ ^^^^ ^. representing 
depicts sound heard dunng an actuaUve performance. difference between left and right stereo signds. Direct 
In attempts to achieve this goal, electncal stereophomc ^^^^^ ^^^^^ representing a stereo sum signal, and radi- 
signals have been combined and processed m vanous ^^^^ in a narrow dispersion pattern, is combined acous- 
manners. Major efforts have been made m careful de- ^^^^^ ^^h reverberant field sound representing differ- 
sign and manufacture of recordmg. mixmg and produc- ^^^^ ^^^^^ radiated in a wide dispersion pattern, 
tion equipment so that the electncal end product will 25 

reflect as closely as possible precisely what performing BRIEF DESCRIPTION OF THE DRAWINGS 

artists, engineers, mixers or producers wish to convey ^^e accompanying drawings: 

to the listener. Signals have been fed to speakers posi- j ^ block diagram iUustrating a loudspeaker 

tioned in various locations and in various groups, and ^y^^ embodying principles of the present invention; 

speakers have been energized by vanous combinations piQ. j schematicaUy depicts an arrangement of 

of stereo signals in ftirther attempts to improve realism speakers m accordance with principles of the present 

of the sound. Artificial time delays, reverberation tech- invention- 

niques and deUberate reflections from various waUs jq^Q 3'iUustrates a modified speaker arrangement; 

have been employed, often at the expense of introduc- pjo. 4 illustrates a single cabinet incorporating a set 

tion of extraneous information of a type not originally 35 speakers; 

present, thus actually changing the effect of the original FIGS. 5, 6 and 7 illustrate still further arrangements 
performance. Yet. all the prior effort has not resulted m and organizations of speaker systems; and 
attainment of the goal of realistic reproduction of the piG. 8 shows a modification of the speaker arrange- 
sound of a Uve performance. ment particularly adapted for an automobile. 

The spatial acoustical field produced in a live perfor- 4Q 
mance varies in accordance with acoustics of the per. DESCRIPTION OF A PREFERRED 
formance area, and, importantly, in accordance with the EMBODIMENT 
type or nature of the performer or performers. For Principles of the present invention are based upon a 
example, a solo vocalist or instrumentalist positioned at combination of control of (a) radiation of direct and 
center stage will primarily provide sound known as 45 reverberant field sounds and (b) the electronic process- 
direct field sound, that is radiated directly to the listen- ing of stereophonic left and right signals, 
ers in the audience. However, where performers are With respect to radiation of sound, the present inven- 
spread across a wide stage, for example, as in a perfor- tion takes advantage of the fact that a front radiating 
mance of a large choral group or a large symphony speaker system is effective for reproduction of direct 
orchestra, significant portions of sound received by the 50 field sound, but is relatively ineffective for reproduction 
audience are reflected from various parts of the theater of reflected or reverberant field sound. Further, an 
so that the audience receives a mixture of direct field omnidirectional or wide dispersion speaker system is 
sound, radiated directly from the performers, and sound just the opposite, effective in reproduction of reverber- 
known as reverberant field sound, that is reflected from ant field sound, but ineffective for reproduction of di- 
the walls of the theater. In the case of some sounds, such 55 rect field sound, which appears to be strangely disem- 
as the immense organ chords of a Saint-Saens organ bodied by an omnidirectional speaker system, 
symphony, the . music resounds and reverberates from With respect to electronic processing of the stereo- 
surfaces in all areas of the theater. phonic left and right signals L and R. it is known that 

Various combinations of speaker systems, including these signals may be broken down into their sum 

those that reflect a m^orityofsound from a wall behind 60 (L-i-R) and difference (L— R) or (R-L) components, 

the speaker, do not adequately reproduce all desired It is also known that such components may be electri- 

sounds with sufficient realism. Moreover, speaker sys- cally remixed in various manners so as to reassemble the 

terns arranged for one particular location or environ- original stereophonic signals. For example, 

ment are not readily scaled up or down to operate in (I,-hil)+(X— /?)«2 L, and {L-^R)-^(R—L)—2 

other environments so that, for example, a speaker sys- 65 Further, in my prior copending application for Stereo 

tem designed for a living room environment is not prop- Enhancement System, filed Mar. 27, 1986, Ser, No. 

erly operable in an automobile, theater, or even out- 844,929, I describe various methods for specifically 

doors. processing sum and difference signals (according to 



09/22/2003, EAST Version: 1.04.0000 



4,819,269 

3 4 

various frequency bands) and producing stereo left and posed of three speakers, but greater numbers of speakers 
right channel output signals for application to a speaker may be used, as shown in other drawings of the present 
system by various mixtures of processed sum and differ- application, and as described below. A first speaker 20 is 
ence signals with the sterepphonic left and right input energized with the sum signal (L+R) and projects its 
signals. However, in no prior case has there been an 5 sound in a relatively narrow dispersion pattern. Speaker 
attempt to obtain separate reverberant field and direct 20 is a front radiating speaker having a dispersion pat- 
field signals and to radiate sound based upon such sig- tern of not greater than 60*. The difference signals 
nals in a manner that is optimum for the respective (L— R) and (R — L) are fed to second and third speakers 
signal types. It has not been previously recognized that of the set, namely speakers 22 and 24, which are omnidi- 
direct field sound and reverberant field sound can be 10 rectional speakers or speakers having a wide dispersion 
separately projected from speaker systems respectively pattern, which is a pattern of dispersion of at least 120'. 
optimized for the particular type of sound, and that the Thus each of speakers 22 and 24 may have a dispersion 
sound types can then be acoustically recombined in pattern in the range of 120* to 360% whereas speaker 20 
space and transmitted to the ear-brain system of the has a dispersion pattern of not more than about 60*. 
listener. 15 Speakers with wide dispersion patterns and omnidi- 

The sum of the stereophonic left and right signals, rectional speakers are known and readily available for 

namely the sum signal (L+R), itself essentially repre- use in the present invention. Wide dispersion is rela- 

scnts the direct field sound, namely that sound heard by lively easy to achieve below about 800 Hertz, but as 

the listener at a performance of a solo vocalist or instni- wave lengths become shorter in relation to diameter of 

mentalist, positioned in the center of the theater stage. 20 the radiating area of the speaker transducer, angular 

The difference signals, namely (L— R) and (R—L), dispersion becomes narrower until at frequencies above 

uniquely represent reverberant field sound which signif- about 3 Kilohertz. for cone type midrange speakers, and 

icantly include sound heard by the listener but which is above about 10 Kilohertz for dome type tweeters, the 

reflected from or reverberating between the theater dispersion pattern becomes a narrow beam of sound. It 

walls. Direct field sound from a center stage soloist, for 25 has been found that higher frequencies require maxi- 

example, reaches the listener in a direct line, whereas mum angular dispersion to properly reproduce the re- 

the reverberant field sound reaches the listener after verberant field sound based upon difference channel 

various reflection in the theater. Thus, according to a signals. Therefore many speakers do not have a disper- 

feature of the present invention, a speaker system is set sion pattern that is sufficiently wide, over the desired 

up to similarly provide direct field sound to the listener 30 frequency band, to be suitable for projecting reverber- 

via a direct path and reverberant field sound to the ant field sound. However, wide dispersion speakers for 

Ibtener via direct or reflective paths, or a combination use in the present invention may be provided by using 

of both direct and reflective paths. conventional techniques of wide dispersion horns or 

Referring now to FIG. 1, there is shown a stereo arrays of multiple transducers. Although a wide disper- 

source 10 of left and right stereophonic input signals L 35 sion horn will operate only over a discrete band of 

and R which may be derived from a radio broadcast frequencies and becomes physically large as cutoff fre- 

receiver, AM, FM or television, or from a stereo play- quency is lower, the horn operates quite satisfactorily at 

back system whether grooved record, magnetic, optical the higher frequencies, and dispersion angle may be 

paser "compact" disc) or the like. These stereophonic made quite large with horns of reasonable dimension, 

input signals L and R may be derived directly from the 40 A dispersive element in the form of an uniquely 

playback system or may be processed in some suitable shaped baffle is disclosed in my co-pending application 

arrangement, as for example, in the stereo enhancement for Loudspeaker System with Conical Baffle filed July 

system of my prior application above identified. Thus 21, 1987, Ser. No. 076,242. This dispersive element may 

the signals L and R of FIG, 1 may be derived from the be used with most forms and sizes of speaker transduc- 

mixer output signals of the enhancement system of such 45 ers, and is highly efficient, small and inexpensive to 

prior co-pending patent application. The signals L and manufacture. Angle of dispersion may be designed into 

R are fed to respective sum and difference circuits 12, the speaker and baffle, and thus a simple conventional 

14, which respectively provide the sum signal (LH-R) cone-type speaker when used with such dispersive eie- 

and the difference signal (L— R), which are the sum and ment may provide the wide dispersion pattern desirable 

difference of the input signals L and R. These sum and 50 for the reverberant field speakers, such as speakers 22 

difference signals are fed to a multi-channel power am- and 24 of FIG. 1. Examples of other wide dispersion 

plifier 16, which also receives the output of an inverter speakers are shown in U.S. Pat. Nos. 4,580,654 and 

18 which inverts the (L-R) signal to provide a second 4,348,549. 

difference signal (R—L). Thus the power amplifier Illustrated in FIG. 2 is an exemplary physical ar- 

provides as its output, amplified versions of the sum 55 rangement of a set of four speakers which illustrates 

signal (L-l-R), which represents direct field sound of operation of the present invention. The speaker set 

the stereo input, and the two difference signals (L-R) shown in FIG. 2 comprises two pairs of speakers. For 

and (R-L), which represent the reverberant field example a left pair comprises a wide dispersion pattern 

sounds of the stereo input. speaker 26 and a narrow dispersion front radiating 

A set of speakers is provided to project sound based 60 speaker 28. A right pair comprises a similar pair of 

upon the three outputs of the amplifier 16. The terms speakers, including a wide dispersion pattern speaker 30 

speaker, speaker system or loudspeaker, loudspeaker and a narrow dispersion pattern front radiating speaker 

system are used herein to denote systems having one or 32. Each of the wide dispersion range speakers 26 and 

more electrical to acoustic transducers, each uniquely 30 is energized with a difference signal, the left differ- 

operable over a selected frequency range. For example, 65 ence signal (L-R) being fed to speaker 26, and the 

the term speaker may refer to a system having a woofer, right difference signal (R-L) being fed to speaker 30. 

tweeter and mid-range transducer or any group or com- Each of the front radiating speakers 28 and 32 is fed 

bination thereof. FIG. 1 shows the set as being com- with the same sum signal (L+R). The arrows pointing 



09/22/2003, EAST Version: 1.04.0000 



4,819,269 

5 6 

away from the various speakers schematically represent screen 60, for example, and the audience is seated in 
the relatively narrow and relatively wide dispersion areas indicated generally at 62^ 64. In such an arrange- 
pattems. Soimd projected from the wide and narrow mcnt a narrow dispersion pattern speaker 66, energized 
dispersion pattern speakers is directed, at least in part, to by the sum signal 2(L-(-R) is mounted at the center of 
a common area for acoustic recombination. Illustrated 5 the stage, and wide dispersion pattern speakers 68, 70, 
in FIG. 2, by boxes 34 and 36, is the acoustic recombina- energized by difference signals (L — R) and (R — L), are 
tion of the sounds from the speakers of the respective mounted on either side of the speaker 66 at opposite 
pairs. Thus, box 34 depicts acoustic recombination of sides of the screen 60. Mounted on one side of the thea- 
the (L— R) and (L+R) components from speakers ter, such as the left side of the theater, is a pair of addi- 
26,28 to provide the left stereophonic signal sound 2L. 10 tional wide dispersion pattern speakers 72, 74 near the 
Similarly box 36 represents the acoustic combination of front and near ^e rear respectively of the left side of the 
the right channel direct field and reverberant field theater, each energized with the difference signal 
sound from speakers 32,30, which respectively radiate (L— R)- On the right side of the theater, at front and 
sound based on the sum signal (L+R) and the differ- back portions respectively, is mounted a second pair of 
ence signal (R— L), which sounds provide, when com- 15 wide dispersion pattern speakers 76, 78, each energized 
bined acoustically, the acoustic equivalent of the right with the difference signal (R— L). The wide dispersion 
channel signal 2R. The arrangement is such that the pattern speakers in the arrangement of FIG. 6 may have 
listener may be in a wide range of locations without a dispersion, pattern of about 180', whereas the front 
losing advantages of the improved realism of the sound. radiating direct field narrow dispersion pattern speaker 
FIG. 3 illustrates a modified arrangement of speakers 20 66 again has a narrow dispersion pattern of not more 
in which wide dispersion pattern speakers 38,40 are than about 60^. 

positioned on either side of a centrally located narrow In some theaters separate stereo sound systems are 
dispersion pattern front radiating speaker 42, with employed for the front and rear so that, in general, a 
speakers 38 and 40 being fed with the difference signals front system energized with front stereophonic left and 
(L— R) and (R— L) respectively, and the center 25 right signals is provided at the front of the theater, arid 
speaker, which is a direct radiating narrow dispersion a rear system energized with rear stereophonic left and 
pattern speaker that cooperates in common with each of right signals is provided at the rear of the theater. Prin- 
the wide dispersion pattern speakers, being fed with the ciples of the present invention are applicable to such a 
sum signal 2(L+R). Again the direct field and reverter- total inunersion theater sound system, which includes 
ant field sounds of the speakers are acoustically com- 30 both front and rear sound systems surrounding seating 
bined by the listener. In one typical arrangement, the areas 62, 64, in a manner illustrated in FIG. 7. Again a 
three speakers 38, 40 and 42 may be arranged in a line at narrow dispersion front radiating speaker 80 is ener- 
the center ofand along one wall ofa room, being spaced gized by the sum signal 2(L+R)f. which is the sum 
at least one foot from the wall to allow for the reflection signal of the front stereo system, and is positioned at the 
of the widely dispersed sound fi-om speakers 38 and 40. 35 center of the front mounted screen 82. At opposite sides 
FIG. 4 illustrates a slightly modified version of the of the theater, at the sides of the screen, arc mounted 
speaker arrangement of FIG. 3 wherein all three speak- wide dispersion pattern speakers 84, 86, energized with 
ers are mounted in a single cabinet with direct front the front sound system difference signals (L— R)Fand 
radiating speaker 42' being mounted directly between (R—L)f respectively. 

wide dispersion speakers 38', 40'. The narrow and wide 40 At the rear of the theater, in the center, is mounted a 
dispersion pattern speakers are energized in the manner second narrow dispersion front radiating speaker 88, 
described in connection with FIG. 3. In the arrange- energized with the sum signal 2(L+R)/? of the rear 
mcnt of FIG. 4 the center front radiating speal^ier 42' is sound system. On either side of speaker 88, at the oppo- 
providcd with a dispersion, pattern of not more than site sides of the rear of the theater, are mounted wide 
about 60% whereas each of the side speakers 38' and 40' 45 dispersion speakers 90, 92, respectively energized with 
is provided with a wide dispersion pattern m the order difference signals {L—K)r and (R—L)r of the rear 
of about 270' as illustrated by the pattern of arrows in stereo signals. In the exemplary system of FIG, 7 along 
this figure. The central axes of the radiation pattern of each side of the theater are mounted three additional 
the side speakers 38', 40' are substantially perpendicular wide dispersion pattern speakers 94, 96, and 98 on one 
to the central axes of the radiation pauem of the center 50 side, and wide dispersion pattern speakers 100, 102 and 
speaker 42'. 104 on the other side, the speakers on each side being 

The speaker arrangements of FIGS. 2, 3 and 4, which mounted at front, back and center respectively of the 
are arranged primarily for a living room or the like, may theater sides. Speakers at the front of the theater sides, 
be modified as illustrated in FIG. S for use in an automo- that is speakers 98 and 104, are energized with the dif- 
bile. FIG. 5 shows a front radiating narrow dispersion 55 ference signals (L— R)irand (R— L)/? of the front sound 
pattern speaker SO energized by the sum signal 2(L + R) system, whereas speakers at the rear of the sides, spcak- 
mounted at the center of the dashboard of an automo- ers 94 and 100, are energized with the difference signals 
bile and flanked by wide dispersion pattern speakers 52 (L— R)/j and (R— L)/? of the rear sound system. Speak- 
and 54 respectively energized with difference signals ers 96 and 102 at the center portions of the theater sides 
(L— R) and (R— L) and positioned either in opposite 60 are energized with signals representing a combination 
doors of the automobile at opposite sides of the driver, . of the front sound system difference signals and the rear 
or m the respective extreme coniers of the automobile sound system difference signals. Thus speaker 96 is 
dashboard. The direct field speaker 50 has a dispersion energized with the difference signal (L-K)f+r and 
pattern of not more than about 60* and the reverberant speaker 102 is energized with the difference signal 
field speakers 52,54 have wide dispersion patterns of 65 (R-L)f+/? where (L—R)f+r=(L—R)f-\-{L-R)r 
more than 180*. and where (/{-L)F+/j = (i?-Z-)/-+(/?-L)j?. 

FIG. 6 illustrates a speaker arrangement for a theater The speakers 88, 90 and 92 at the rear of the theater 
wherein a stage at the front of the theater supports a arc all energized with stereophonic left and right signal 
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sum and difference signals of the rear sound system, difference signal (L— R) (modified with an (L + R) 
with center rear speaker 88 being energized with the component as will be described below) and positioned 
rear sound system sum signal 2(L+R)/? and the side directly opposite and pointed at the speaker 112. 
speakers 90,92 at the rear being respectively energized The wide dispersion pattern speakers 110, 112, 118 
with the difference signals (L— R)j? and (R— L)i? of the 5 and 120 are all moimted relatively low, and their high 
rear sound system. In this arrangement of FIG. 7, as in frequency components tend to be absorbed to varying 
the arrangement of FIG. 6, the narrow dispersion pat- degrees, depending upon the acoustics of the automo- 
tem speakers 80,88 have a dispersion pattern of not bile interior and the sound absorption quahties of the 
more than about 60', whereas each of the other speakers automobile upholstery. Particularly for plush uphol- 
has a wide dispersion pattern of about ISO*. 10 stery other than vinyl or leather, high frequency sound 

The arrangement of FIG. 5, as described above, is a of these speakers that are mounted at a relatively low 
simplified version of the present system for use in an position in the automobile tends to be absorbed. Thus 
automobile. In use of this system for an automobile, as the wide dispersion speakers 110, 112, 118 and 120 is 
distinguished from use of the system in a larger area, each made with a cross-over network and provided 
such as a music room, living room, theater or the like, 15 with a tweeter to handle the wide dispersion radiation 
position of the speakers with respect to the listener of the higher frequencies, employing a cross-over fre- 
becomes import^t. Position of the listener with respect quency in the order of about 1,000 Hertz. To this end 
to the speakers is important in an automobile because of there are provided wide dispersion reverberant field 
the very small area of the interior of the automobile, as high frequency tweeters 124,126,128, and 130 respec- 
compared to the area of a normal living room or thea- 20 tively coupled with cross-over networks of wide disper- 
ter. In such a situation, referring to the arrangement of sion speakers 110,118,120, and 112 respectively. The 
FIG. 5, for example, the dri ver of the automobile would tweeters are mounted as indicated on portions of the 
be sittmg considerably closer to the left side of the car, dash horizontally adjacent the respective low frequency 
and thus would be positioned very close to the speaker wide dispersion speakers with which they are associ- 
52 in the left door and relatively further away from the 25 ated, with tweeters 124 and 130 being positioned at rear 
speaker 54 in the right door. Accordingly, sound from comers of the dash pointing upwardly toward the wind- 
the much closer speaker 52 not only reaches the driver shield, and tweeters 126,128 being positioned on the top 
before the corresponding sound from the more remote of the dash again, also pointed upwardly at the wind- 
speaker 54, but is less attenuated because of the consid- shield, but positioned adjacent respective associated 
crably shorter distance traveled. In such an arrange- 30 low frequency wide dispersion speakers 118, 120. Of 
ment, the driver will hear a sound that is less realistic, course the signals fed to the low frequency wide disper- 
since it is a combination of the direct field sound from sion speakers 110,118,120 and 112 are also fed to the 
narrow pattern speaker 50 and reverberant field sound corresponding tweeters, 124,126,128 and 130, respec- 
primarily from the wide dispersion speaker 52. Of tively. 

course a similar situation occurs with the passenger, 35 In the arrangement illustrated, in FIG. 8 and de- 
who hears the reverberant field sound from the right scribed to this point, the driver, indicated at **D*', hears 
side speaker 54 at a much higher amplitude level than direct field sound from narrow pattern speaker 114, 
sound from the left side speaker 52. which is energized with a signal (L+R), and a combma- 

In order to avoid this limitation in the very close tion of reverberant field sound from speakers 110 and 
confines of an automobile, principles of the invention 40 118, which are energized with the signals (L— R) and 
may be applied to an automobile speaker arrangement, (R— L) (as modified by (L+R) as described below), 
such as is illustrated in FIG. 8. In this arrangement door The high frequencies of the reverberant field sound 
mounted speakers 110 and 112 are mounted in the left from speakers 124 and 126 are also heard by the driver, 
and right automobile doors, generally at a lowermost Similarly, the passenger on the right side of the car, 
portion of the door in order to accommodate the verti- 45 identified as PI, hears direct field sound from narrow 
cally movable door window, and are of the reverberant pattern speaker 116, energized by (L+R) and reverber- 
field type having a wide, preferably 180" or more, dis- ant field sound from speakers 120,112 and tweeters 
persion pattern, as previously mentioned in connection 128,130. 

with speakers 52 and 54 of FIG. 5. These speakers are A passenger (not shown) seated in the center of the 
fed with the difference signals (L— R) and (R— L) re- 50 front seat will hear direct field sound from both speak- 
spectively for speakers 110 and 112 (wliich are modified ers 114,116, which produces an apparent source of di- 
with direct field signals (L+R) in a manner to be de- rect fidd sound midway between the two. The center 
scribed below). Instead of using a single narrow pattern passenger also hears the reverberant field sound from 
direct field speaker, as in the arrangement of FIG. 5, a speakers 110.112 and tweeters 124.130. Insofar as the 
pair of such speakers 114,116 is employed, each 55 center passenger is concerned, sound from the console 
mounted at a comer of the automobile dashboard and mounted speakers 118,120, which are mounted very 
pointed upwardly to direct sound to be reflected close to one another, and from the tweeters 126 and 128, 
towaiid the listeners from the windshield. Speakers which are also mounted very close to one another, is 
114,116 are narrow pattern speakers, having a pattern effectively cancelled because these speakers effectively 
width of about 60", as previously mentioned. In this 60 radiate sound to the center passenger in the same space, 
situation a second pair of reverberant field speakers Accordingly, the center passenger hears the image, 
118,120 is mounted on a center console 122 that projects which is a combination of direct field sound from speak- 
rearwardly from the dash, with speaker 118 being a ers 114 and 116 and effectively hears only the reverber- 
wide dispersion pattern speaker of the type previously ant field sound from the wide pattern side speakers 
mentioned, energized with the difference signal (R-L), 65 110,124 on the left and 112,130 on the right, 
modified as described below, and pomted directly at Becaiise the sound from the direct field speakers 
and aligned with speaker 110. Sunilarly, speaker 120 is 114,116 is pointed upwardly and reflected from the 
a wide dispersion pattern speaker energized with the windshield, and the side door mounted speakers 110.112 
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are generally required to be mounted at a lower point and rear direct field narrow pattern speakers 114, 140 
on the door, there is a relatively large vertical distance and will hear reverberant field sound (L— R) and 
bet\yeen the apparent source of direct field sound and (R— L) (as modified by a suitable percentage of (L+R)) 
the apparent source oif reverberant field sound. Console from wide dispersion pattern spe^^ers 146, 124, 126 and 
mounted speakers 118 and 120 are similarly required by 3 118. Similarly passenger P4, on the right side of the rear 
the physical constraints of the usual automobile to be seal, will hear direct field sound from the narrow pat- 
mounted at a relatively low portion of the console. tern speakers 116, 142 and reverberant field sound from 
When the narrow pattern speakers are energized with speakers 120, 128, 130, 148, which provide the differ- 
sum signal (L+R), and the wide pattern speakers are ence signals (L— R) and (R— L) (both modified by an 
energized only with the difference signals (L— R) and 10 appropriate percentage of (L+R)). The center rear 
(R — L), this difference in elevations of direct and rever- passenger P3 hears sound just as does the center passen- 
berant field sound provides an apparent separation of ger in the front seat, hearing an image from a point, 
the direct field sound, causing the latter to appear to between the front direct field sound speaker pair 114, 
emanate from a point higher than the reverberant field 116 and an image from a point midway between rear 
sound. The direct field sound is that of the soloist, for 15 mounted direct field speakers 140, 142. The center back 
example, and the reverberant field sound is that of the seat passenger also hears reverberant field sound from 
background orchestra, all as previously described. In the side moimted rear speakers 146, 148, but hears little 
order to decrease the effect of this relative difference in sound from the console mounted wide dispersion pat- 
elevation which is imposed upon the system by physical tern speakers 118, 120. Wide pattern speakers 146, 148 
constraints of the automobile structural interior, a por- 20 are also fed with a combination of one-half the sum 
tion of the direct field sound, the signal (L+R), is fed signal with the difference signals, just as are all the wide 
electrically to the wide dispersion pattern speakers, pattern speakers. 

which also receive the (L— R) and (R— L) components, The described speaker arrangements, in most listen- 
respectively. In a particular example this portion of ing situations where the speakers are mounted in a room 
(L+R) is approximately fifty percent. However, ac- 25 or area of reasonably large size, are independent of 
cording to principles of the invention, this portion may listener position, so that the significant advantages of 
vary between twenty-five and seventy-five percent of the system may be enjoyed by a listener regardless of his 
the direct field sound signal (L+R), depending upon position with respect to the speakers. This advantage of 
acoustics of the automobile interior and particularly on fiexible listener position is somewhat diminished in the 
the nature of the sound absorption qualities of the inte- 30 close confmement of the interior of an automobile. For 
rior upholstery. Thus, although the speakers 114 and such a close space the speaker arrangement is preferably 
116 are fed with the direct field signal components modified to suit the specifically predetermined listener 
L+R, just as previously described, speaker 110 actually position, which, of course, is dictated by the automobile 
receives a combination of (L+R) and (L^R), and, seating arrangement. 

more specifically, the signal J (L+R)+(L— R), and the 35 The speaker systems described herein are tolerant of 

speaker 112 actually receives the signal i walls and other reflective surfaces because the front 

(L+R)+(R— L). In other words, one-half of the sum radiating speaker or speakers provide sound directly to 

signal is electrically added to each difference signal. the listener, whereas the wide dispersion pattern speak- 

This addition of a part of the direct field sound compo- ers provide sound that is not adversely affected by re- 

nent (L+R) to the wide reverberant field speakers 40 flection from walls of the room, inasmuch as such sound 

provides a greatly improved realism and apparent in- is heard as a reflection or reverberation in the live per- 

crease m realistic positioning of both the direct and formance. 

reverberant field sounds. This addition of the L+R Furthermore, as can be seen from the exemplary 

component to the wide dispersion speakers 110,118, 120 speaker arrangements illustrated in FIGS. 4, 5, 6, 7 and 

and 112 lowers the apparent position of the image of the 45 8, the speaker choice and arrangement can actually be 

direct field sound source and decreases dominance of designed to take advantage of various room sizes, situa- 

the direct field sound source, which might otherwise tions and the walls of the room, but is not dependent on 

tend to occur. such surfaces for its operation, nor is it dependent upon 

For the rear passengers, identified as P2, P3 and P4, relative location of listener and speakers, except for the 

sitting in a back scat 134, narrow pattern direct field 50 confming situation of an automobile where the listener 

sound speakers 140 and 142 are mounted on opposite is very close to the speakers, and the described special 

sides on a shelf behind the rear seat and pointed up- speaker arrangement is preferred. Accordingly the sys- 

wardly toward the car ceiling or sloping rear window. tem is operable outside of any building where no reflec- 

In forward lower portions of the left and right rear tive surfaces exist. 

doors are mounted wide dispersion reverberant field 55 As previously mentioned, the described system is 
speakers of broad frequency range, indicated at 146,148, compatible with and complementary to the stereo en- 
facing toward each other. Direct field sound speakers hancement system described in the above-identified 
140 and 142 add to the sound heard by all piassengers in co-pending patent application for Stereo Enhancement 
the car, including those in both front and back seats. System. Desirable effects of the enhancement system of 
Generally, as is well known, the rear speakers mounted 60 such co-pending application are augmented by the use 
on the shelf will provide improved low frequency of the split mode system described herein in the place of 
sound because of their ability to use the automobile ordinary loudspeakers. Although neither the present 
trunk as a resonant cavity. The wide dispersion pattern invention nor that described in the co-pending applica- 
reverberant field speakers 118, 120 mounted in the con- tion requires use of the other, use of the two together 
sole are sufficiently loud to provide the desired effect 65 considerably enhances operation of both. As previously 
for the passengers m the rear seat, who thus get the mentioned, the outputs L/ivand Lotrrof the enhance- 
same effect from the center console mounted speakers, ment system of my copending application for Stereo 
Thus passenger P2 will hear sound from both the front Enhancement System may be employed as the inputs L 
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and R of the system illustrated in FIG. 1. Alternatively, 
the stun, difTerence and inverting circuits and also the 
amplifier^ if necessary or desirable, of the system of 
FIG. 1 may be readily incorporated into output portions 
of the enhancement system of my prior application so 5 
that such enhancement system would provide the sum 
and difference outputs (L+R), (L— R), and (R— L), all 
based upon signals enhanced as provided in the system 
of my prior application. 

The loudspeaker arrangement illustrated and de- 10 
scribed herein provides ahnost complete freedom of 
listener position. Even in the close continement of an 
automobile, all passengers and the driver will benefit 
from these advantages. This freedom of listener position 
is of particular importance in application of this system 15 
to a dieater, where many listeners are seated in. various 
different areas. 

What is claimed is: 

1. A method of reproducing sound from left and right 
stereo signals comprising: 20 

combining left and right stereo signals to form a sum 
signal representing the sum of said stereo signals 
and difference signals representing the difference 
between said stereo signals, 

radiating sound based on said difference signals in 25 
wide dispersion patterns over a frequency range, 
and 

radiating sound based on said sum signal in a limited 
dispersion pattern over said frequency range. 

2. The method of claim 1 wherein said step of radiat- 30 
ing sound based on said difference signals comprises 
radiating sound from mutually spaced locations. 

3. The method of claim 1 wherein said step of radiat- 
ing sound based on said difference signals comprises 
radiating sound in patterns having a dispersion of not 35 
less than about one hundred twenty degrees, and 
wherein said step of radiating sound based on said sum 
signal comprises radiating sound in a pattern having a 
dispersion of not more than about sixty degrees. 



ing said sum and difference signals comprises position- 
ing a speaker having a narrow dispersion pattern at a 
first location, energizing said first speaker with a signal 
that is a function of said sum signal, positioning second 
and third speakers at opposite sides of said first speaker, 
energizing said second speaker with said difference 
signal (L— R) and energizing said third speaker with 
said difference signal (R— L). 

7. The method of claim 6 wherein said step of radiat- 
ing sound based upon said sum signal comprises radiat- 
ing sound in a pattern having a dispersion of not more 
than about sixty degrees, and wherein said step of radi- 
ating sound based upon said difference signal comprises 
radiating at least one of said first and second difference 
signals in a dispersion pattern having a dispersion of not 
less than about one hundred twenty degrees. 

8. A loudspeaker system for providing stereo sound 
from left and right stereo input signals comprising: 

a set of loudspeakers including a fu*st speaker having 
a narrow dispersion pattern over a frequency range 
and second and third speakers having wide disper- 
sion patterns over said frequency range, 

means responsive to said stereo input signals for pro- 
viding to said first speaker a sum signal represent- 
ing the sum of said stereo input signals, and for 
providing to said second and third speakers differ- 
ence signals representing the difference between 
said stereo input signals. 

9. The system of claim 8 wherein said first speaker has 
a dispersion width of not more than about sixty degrees, 
and wherein at least one of said second and third speak- 
ers has a dispersion width of not less than about one 
hundred twenty degrees. 

10. The system of claim 8 wherein said first speaker is 
a front radiating speaker having a dispersion width of 
not more than about sixty degrees. 

11. The system .of claim 8 wherein said first speaker is 
responsive to a sum signal (L+R), where L is said left 



4. The method of claim 1 wherein said step of radiat- 40 stereo input signal and R is said right stereo input signal, 



50 



ing sound based on said sum signal comprises radiating 
sound from a first location and wherein said step of 
radiating a sound based on said difference signals com- 
prises radiating sound from locations at mutually oppo- 
site sides of said first location. 

5. A nlethod of reproducing sound from left and right 
stereo signals comprising: 

combining left and right stereo signals to form sum 
and difference signals respectively representing the 
sum and difference of said stereo signals, and 

acoustically combining said sum and difference sig- 
nals to provide left and right acoustic signals, said 
step of acoustically combining including the steps 
of: 

radiating sound based upon said difference signal in 55 
wide dispersion patterns over a selected fre- 
quency range, 

radiating sound based on said sum signal in a nar- 
row dispersion pattern over said frequency 
range, and 

directing at least parts of said radiated sound 
toward a common area. 

6. The method of claim 5 wherein said sum signal 
comprises a signal formed by L -H R, where L is said left 



wherein said second speaker is responsive to a differ- 
ence signal (L— R), and wherein said third speaker is 
responsive to a difference signal (R— L). 

12. A loudspeaker system for providing stereo sound 
45 from left and right stereo input signals comprising: 

a set of loudspeakers including a first speaker means 
having a narrow dispersion pattern over a fre- 
quency range and second and third speakers having 
wide dispersion patterns over said frequency range, 
means responsive to said stereo input signals for pro- 
viding to said first speaker a sum signal represent- 
ing the sum of said stereo input signals, and for 
providing to said second and third speakers differ- 
ence signals representing the difference between 
said stereo input signals, said first speaker means 
comprising first and second narrow dispersion 
speakers each responsive to said sum signal, 
wherein said first narrow dispersion speaker is 
positioned adjacent said second -speaker having a 
wide dispersion pattern, and wherein said second 
narrow dispersion speaker is positioned adjacent 
said third speaker having a wide dispersion pattern. 

13. The system of claim 8 including a speaker cabinet, 



60 



means for moimting said set of loudspeakers in said 
stereo signal and R is said right stereo signal, and 65 cabinet, said first speaker being mounted in said cabinet 
wherein said difference signal comprises a first differ- between said second and third speakers, said first 
ence signal (L— R) and a second difference signal speaker having an axis of radiation extending in a first 
(R— L), and wherem said step of acoustically combin- direction, each of said second and third speakers having 
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an axis of radiation extending at a significant angle with providing a first difference signal (L— R) and feed- 
respect to said first direction. ing said first difference signal to said second 

14. A loudspeaker system for providing stereo sound speaker, and providing a second difference signal 
from left and right stereo input signals comprising: (R— L) and feeding said second difference signal to 

a set of loudspeakers including a first speaker having 5 said third speaker, 

a narrow dispersion pattern over a frequency range a theater having a front, a back, first and second sides 

and second and third speakers having wide disper- and an audience, seating area, said furst speaker 

sion patterns over said frequency range, being responsive to a signal proportional to the sum 

means responsive to said stereo input signals for pro- signal (L+R) and being positioned at a central 

yiding to said fust speaker a sum signal represent- 10 portion of the front of said theater, said second 

ing the sum of said stereo input signals, and for speaker being responsive to said first difference 

providing to said second and third speakers differ- signal (L— R) and being positioned on one side of 

ence signals representing the difference between said first speaker at the front of said theater, said 

said stereo input signals, third speaker being responsive to said difference 

a speaker cabinet, 15 signal (R— L) and being positioned on the other 

means for mounting said set of loudspeakers in said side of said first speaker at the front of said theater, 

cabinet, said first speaker being mounted in said 19. The system of claim 18 includmg a fourth speaker 

cabinet between said second and third speakers, having a wide dispersion pattern positioned at one side 

said fu-st speaker having an axis of radiation extend- of said theater rearwardly of the front of the theater and 

ing in a first direction, each of said second and third 20 being responsive to said difference signal (L— R), and a 

speakers having an axis of radiation extending at a fifth speaker having a wide dispersion pattern posi- 

significant angle with respect to said first direction, tioncd at the other side of said theater and being respon- 

each of said second and third speakers having a dis- sivc to said difference signal (R— L). 
persion pattern over said frequency range of 20. The system of claim 19 wherein said first men- 
greater than 180*, and said first speaker having a 25 tioned stereo input signals are front stereo input signals 
dispersion pattern over said frequency range of not Lf and Rf provided from a front sound system, and 
more than about 60*. including a rear sound system providing rear left and 

15. The system of claim 8 wherein said set of loud- rear right stereo input signals Lr and Kr, said fust, 
speakers is adapted to be mounted in an automobile second, third, fourth and fifth speakers being responsive 
having a dashboard and first and second sides, said first 30 to signals from said front sound system, said set of 
speaker being adi^ted to be mounted in a central por- speakers including a first rear speaker having a narrow 
tion of the dashboard of said automobile, said second dispersion pattern and second and third rear speakers 
and third speakers being adapted to be mounted at said having wide dispersion patterns, said first rear speaker 
first and second sides respectively. being responsive to a signal proportional to a sum signal 

16. The system of claim 8 wherein said set of loud- 35 (L-hR)^? representing the sum of the rear left and rear 
speakers is mounted adjacent to but spaced from the right stereo input signals, said second rear speaker being 
wall of a room, and wherein said second and third responsive to a difference signal (L—R)/? representing a 
speakers are positioned on either side of said first difference between the rear left and rear right stereo 
speaker, input signals, said third rear speaker being responsive to 

17. The system of claim 8 wherein said means for 40 a difference signal (R-L)/? representing the difference 
providing to said first speaker a sum signal comprises between the rear left and rear right stereo input signals, 
providing a sum signal representing the sum (L+R), said first rear speaker being positioned at the center of 
wherein L and R respectively represent said left and the rear of said theater, and said second and third rear 
right stereo input signals, and wherein said means for speakers being positioned at the rear of said theater on 
providing to each of said second and third speakers a 45 either side of said fust rear speaker. 

difference signal comprises means for providing a first 21. The system of claim 20 including fust and second 

difference signal (L— R) and feeding said first differ- combined front and rear speakers each having a wide 

ence signal to said second speaker, and providing a dispersion pattern and positioned respectively on oppo- 

second difference signal (R— L) and feeding said second site sides of said theater, said first combined front and 

difference signal to said third speaker. 50 rear speaker bcig responsive to a combined difference 

18. A loudspeaker system for providing stereo sound signal {L—K)f+r representing the sum of a difference 
from left and right stereo mput signals comprising: signal of said front sound system and a difference signal 

a set of loudspeakers including a first speaker having of said rear soimd system, and said second combined 

a narrow dispersion pattern over a frequency range side speaker being responsive to a combined difference 

and second and third speakers having wide disper- 55 signal (K—L)f^R representing the sum of a difference 

sion patterns over said frequency range, signal of said front sound system and a difference signal 

means responsive to said stereo input signals for pro- of said rear sound system, 

viding to said first speaker a sum signal represent- 22. A method of reproducing stereo sound from elec- 

ing the sum of said stereo input signals, and for trical stereo signals that include components represent- 

providing to said second and third speakers differ- 60 ing direct field sounds and reverberant field sounds 

ence signals representing the difference between comprising: 

said stereo input signals, said means for providing employing said stereo signals to reproduce direct 

to said fust speaker a sum signal comprising means field sounds projected from a front radiating 

for providing a sum signal representing the sum speaker system, and 

(L+R), where L and R respectively represent said 65 employing said stereo signals to reproduce rcverber- 

left and right stereo input signals, and said means ant field sounds projected fix>m a speaker system 

for providing to each of said second and third havinga wider pattern of dispersion than said front 

speakers a difference signal comprising means for radiating speaker system. 
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23. The method of claim 22 wherein said electrical 
stereo signals comprise left and right stereophonic sig- 
nals and including the step of providing sum and differ- 
ence signals representing the sum and difTerence of said 
stereophonic signals, said step of employing said stereo S 
signals to reproduce direct Held sounds comprising the 
step of feeding said sum signal to a front radiating 
speaker system having a limited angle of dispersion, and 
wherein said step of employing said stereo signal to 
reproduce reverberant field sounds comprises feeding 10 
said difference signal to a speaker system having a wide 
pattern of dispcrsion. 

24. The method of claim 22 including positioning said 
front radiating speaker system at a central location and 
positioning first and second speaker systems each hav- 15 
ing a wide pattern of dispersion on opposite sides of said 
central location and energizing said first and second 
wide dispersion speaker systems with mutually opposite 
phase versions of said difference signal. 

25. The method of claim 24 including positioning said 20 
speakers adjacent one wall of a room. 

26. The method of claim 22 including the step of 
radiating direct field sounds from said front radiating 
speaker system in a dispersion pattern having a width of 
not more than about sixty degrees and projecting said 25 
reverberant fidd sounds fh)m a speaker system having a 
wide dispersion pattern of a width not less than about 
one hundred twenty degrees. 

27. A method of reproducing sound from left and 
right stereo signals comprising: 30 

combming left and right stereo signals to form sum 
and difference signals respectively representing the 
sum and difference of said stereo signals, 

providing first and second mutually spaced pairs of 
speakers, each pair comprising a speaker having a 35 
limited dispersion over a frequency range and a 
speaker having a wide dispersion over said fre- 
quency range, 

energizmg said limited dispersion speakers with said 
3um signal, and 40 

energizing said wide dispersion speakers with said 
difference signal. 

28. The method of claim 27 wherein one of said lim- 
ited dispersion speakers is common to both pairs. 

29. A method of reproducing sound from left and 45 
right stereo signals comprising: 

combining left and right stereo signals to form sum 
and difference signals respectively representing the 
sum and difference of said stereo signals, 

acoustically combining said sum and difference sig- 50 
oals to provide left and right acoustic signals, said 
step of acoustically combining including the steps 
of: 

radiating sound based upon said difference signal in 
wide dispersion patterns over a selected fre- 55 
qucncy range from mutually spaced locations, 

radiating sound based on said sum signal m a nar- 
row dispersion pattern over said frequency 
range, 

directing at least parts of said radiated sound 60 
toward a common area, wherein said sum signal 
comprises a signal formed by L+R, where L is 
said left stereo signal and R is said right stereo 
signal, and wherem said difference signal com- 
prises a first difference signal (L— R) and a sec- 65 
ond difference signal (R— L), and wherein said 
step of acoustically combining said sum and dif- 
ference signals comprises positioning a speaker 



16 

having a narrow dispersion pattern over said 
frequency range at a first location, energizing 
said first speaker with a signal that is a function 
of said sum signal, positioning second and third 
speakers at opposite sides of said first speaker, 
energizing said second speaker with said differ- 
ence signal (L— R) and energizing said third 
speaker with said difference signal (R— L), in- 
cluding the step of adding a portion of said sum 
signal to said first and second difference signals. 

30. The system of claim 10 wherein said first speaker 
is responave to a sum signal (L-hR), where L is said left 
stereo input signal and R is said right stereo input signal, 
wherein said second speaker is responsive to a differ- 
ence signal (L— R) plus a portion of said sum signal 
(L+R), md wherein said third speaker is responsive to 
a difference signal (R— L) plus a portion of said sum 
signal (L+R)> 

31. The system of claim 8 wherein said set of loud- 
speakers is adapted to be mounted in an automobile 
having a dashboard, first and second sides, and a driver 
seat between said first and second sides, and wherein 
said first speaker is adapted to be mounted adjacent one 
end of the dashboard, wherein said second speaker is 
adapted to be mounted at said first side at a first distance 
from the driver seat, and wherein said third speaker is 
adapted to be mounted at a distance from said driver 
seat substantially equal to said first distance. 

32. A loudspeaker system for providing stereo sound 
from left and right stereo input signals comprising: 

a set of loudspeakers including a first speaker having 
a narrow dispersion pattern over a frequency range 
and second and third speakers having wide disper- 
sion patterns over said frequency range, 

means responsive to said stereo input signals for pro- 
viding to said first speaker a sum signal represent- 
ing the sum of said stereo input signals, and for 
providing to said second and third speakers differ- 
ence signals representing the difference between 
said stereo input signals, wherein said set of loud- 
speakers is ad£q)ted to be mounted in an automobile 
having a dashboard, first and second sides, and a 
driver seat between said first and second sides, and 
wherein said first speaker is adapted to be mounted 
adjacent one end of the dashboard, wherein said 
second speaker is adapted to be mounted at said 
first side at a first distance from the driver seat, and 
wherein said third speaker is adapted to be 
mounted at a distance from said driver seat substan- 
tially equal to said fu^ distance, including a second 
set of loudspeakers comprising a fourth speaker 
having a narrow dispersion pattern over said fre- 
quency range and fifth and sixth speakers having 
wide dispersion patterns over said frequency range, 
said fourth speaker being adapted to be mounted on 
said dashboard adjacent a passenger seat position, 
said automobile having a passenger seat position, 
said fifth speaker being adapted to be mounted at 
said second side of the automobile at a second dis- 
tance from said passenger scat position, and 
wherein said sixth speaker is adapted to be 
mounted between said first and second sides at a 
distance from said passenger position substantially 
equal to said second distance. 

33. The system of claim 32 wherein each of said sec- 
ond, third, fifth and sixth speakers includes a tweeter, 
each of said tweeters being adapted to be mounted on 
said dashboard. 
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34. The system of claim 31 wherein said means for said driver seat position substantially equal to said 
providing to said first speaker a sum signal comprises first distance, and 

means for providing a sum signal representing the sum means responsive to said stereo input signals for pro- 

(L-f R), where L and R respectively represent said left yiding to said first speaker a sum signal represent- 

and right stereo input sign^s, and wherein said means 5 ing the sum of said stereo input signals and for 

for providing to each of said second and third speakers providing to said second and third speakers differ- 

a difference signal comprises means for providing a first signals representing the difference between 

combination signal including (L-R) and a portion of said stereo input signals. 

said sum signal (L+R) and feeding said first combina- The combination of claim 36 including a fourth 

don signal to said second speaker, and wherein said *0 speaker having a narrow dispersion pattern over said 

means for providing a difference signal to said third frequency range mounted on said dashboard at a posi- 

speaker comprises means for providing a second combi- don adjacent said passenger seat position, a fifth speaker 

nation signal comprising a second difference signal ^a^S ^ dispei^ion pattern over said frequency 

(R-L) plus a portion of said sum signal (L+R) and , , i^^^ "1°""^^ side at a second distance 

feeding said second combination signal to said third from said passenger seat position, and a sctth speaker 

soeak^ mounted between said first and second sides at a dis- 

35. TTie system of claim 33 wherein said automobile J'^^^ passenger seat position equal to said 
includesar^passengerseatandarearshelfbehindthe ^^'^^f distance, means r^ponsive to said stereo mput 
rear oasseneer seat and includine a seventh sneaker ^^^^ providing said sum signal to said fourth 
rear passenger seat, and mciuamg a seyenin speater speaker and for providmg to said fifth and sixth speakers 
havmg a narrow dispersion pattern mounted at one side difference sign^s representing the difference between 
of said rear shelf and an eighth speaker havmg a narrow ^^^^^ . ^^j^ 

d«ipersion j^ttem mounted on a second side of said rear 3^ ^ 3^ including means for mix- 
shelf, a mnth speaker havmg a wide d^ersion pattern ^ ^ ^ion of said sum signal with said difference 
mounted at said first side adjacent said rear passenger ^5 before providing said difference signals to said 
seat and a tenth speaker havmg a wide dispersion pat- ^^^^^^ ^^^^ speakers, 
tern mounted at said second side adjacent said rear 39^ y^e system of claim 37 wherein said automobile 
passenger scat, and means responsive to said stereo i^j^ludes a rear passenger seat and a rear shelf, and fur- 
mput signals for providmg said sum signal to swd sev- ther including seventh and eighth speakers having nar- 
enth and eighth speakers and for providmg doterence 30 dispersion patterns over said frequency range 
signals to said ninth and tenth speakers. mounted respectively at opposite ends of said rear shelf, 

36. In combination with an automotive vehicle hav- jjjj^th ^nd tenth speakers having wide dispersion 
ing first and second sides, a dashboard and a seat having patterns over said frequency range mounted respec- 
passenger and driver seat positions, an unproved loud- tively at said first and second sides of said automobile 
speaker system for providing stereo sound from left and 35 adjacent opposite ends of said rear passenger seat, 
right stereo input signals, said loudspeaker system com- means for providing said sum signal to said seventh and 
prising: eighth speakers and means for providing said difference 

a first speaker having a narrow dispersion pattern signals to said ninth and tenth speakers, 

over a frequency range mounted on said dashboard 40. The combination of claim 39 wherein said second 

adjacent said driver seat position, second and third 40 and third and fifth and sixth speakers each includes an 

speakers each having wide dispersion patterns over individual tweeter, said tweeters being mounted on said 

said frequency range, said second speaker being automobile dashboard respectively adjacent individual 

mounted at a first distance froin said driver seat ones of said second, third, fifth and sixth wide disper- 

position and said third speaker being mounted be- sion pattern speakers, 

tween said first and second sides at a distance from 45 » ♦ « « • 
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